Objective. To evaluate the overall effectiveness of a human anatomy course taught to distance-based and campus-based pharmacy students. Conclusions. Similar performance by campus and distance students enrolled in a human anatomy suggests that a distance-based course can be used successfully to teach human anatomy to pharmacy students.
INTRODUCTION
Distance learning has been widely used to teach continuing pharmacy education courses and non-traditional doctor of pharmacy (PharmD) programs, [1] [2] [3] [4] however, its effectiveness in teaching basic science courses such as human anatomy as part of a professional PharmD degree program has not been thoroughly documented. A search of recent health education literature yielded reports that have documented the use of the Internet for facilitating student learning that include human anatomy as one component of clinical education, but none of the published manuscripts document the effectiveness of teaching human anatomy to both campus and distance students in pharmacy. [5] [6] [7] [8] [9] [10] [11] In fall 2001, Creighton University School of Pharmacy and Health Professions initiated the first entry-level, distance-based PharmD program. During the application process, students have an option of selecting either the campus or distance pathway. Students in each pathway start at the same time and are scheduled to complete the program in 4 years. Distance students come to campus for approximately 2 weeks each summer to complete all laboratory courses. Both pathways are accredited as a single degree program and have the same admission and graduation requirements. Students in the program are physically located throughout the United States and Canada.
Human anatomy is a required course in the first semester of the PharmD curriculum. The first objective of this study was to compare student performance between the distance and the campus pathways for this course in order to determine if distance students performed similarly to their campus peers. The second objective of the study was to compare student perceptions of the course, using their responses to evaluations administered at the end of the semester. A comparison of both academic performance and student perceptions provided insight into the overall effectiveness of Internet-based learning for teaching of a human anatomy course.
DESIGN
From 2003 through 2006, 110 students per year enrolled in the campus pathway and 55 to 60 students per year enrolled in the distance pathway. All PharmD students leased a standard notebook computer, the cost of which was included in tuition. Campus students were allowed to use the computer during class as all seats in the classroom had high-speed Internet access. Distance students used the notebook computer as their primary tool for accessing Internet-based courses. All students received computer skills assessment and training prior to the start of the program. This training included basic computer use and program-specific training such as accessing e-mail, course Web sites, and other computer resources commonly used by pharmacy students. Both campus and distance students were given an overview of the features of the human anatomy course Web site by the instructor as part of the student technology training. Identical notebook computers and mandatory technology training provided a control factor for comparing campus and distance students within a particular year.
The instructor for the human anatomy course used the Blackboard learning management system (Blackboard, Inc, Washington, DC, www.blackboard.com) to generate a course Web site. All course material for campus and distance students was accessed through the Blackboard course web site. Campus and distance students interacted with faculty members and classmates in both asynchronous and live discussions through the course web site. Each semester, course mentors, who were either pharmacists or scientists with a background in anatomy, served as teaching assistants in the course. Campus and distance students interacted with the course mentors via the asynchronous discussion board on the course web site and via e-mail. In addition to Blackboard, Questionmark Perception (Questionmark Computing, Ltd, Stamford, Conn, www.questionmark.com) was used to administer student examinations and end-of-semester course evaluations to both campus and distance students. Students in each pathway were expected to complete the course at a fixed pace, including interactions with peers in the classroom or online. In other words, the course did not allow a ''selfstudy'' or ''self-paced'' model of interaction.
Each campus class consisted of a group of approximately 100 students that met as a single section twice a week for 50 minutes. A typical class session included a review of the course material and discussion of the clinical application of human anatomy in the practice of pharmacy. The face-to-face course environment used active-learning methods that encouraged student learning and interaction. [12] [13] [14] For example, an instructor-developed guided-note fill-in-the-blank Microsoft PowerPoint presentation was used for note taking and campus students also participated in a ''word of the week'' activity which required them to pronounce and spell various medical terms. Campus students completed 6 online open-book, non-proctored quizzes in the Blackboard course web site on their own time approximately every 2 weeks throughout the semester. They also completed 3 proctored examinations in class using their computer.
Each distance class was a single section of approximately 50 students. Each campus class lecture was recorded and the audio file uploaded to Blackboard the same day the lecture was given. Distance students were expected to listen to each class lecture as well as participate in asynchronous and live discussions on Blackboard. The Microsoft PowerPoint presentation that was used for the active ''guided'' note taking in the campus environment was also made available to distance students each week so they could participate in this learning activity as they listened to class lectures. Distance students participated in ''word of the week'' activities using the online asynchronous discussion board in Blackboard. In addition, the instructor held weekly optional live textand voice-based discussions. The transcript of each live discussion with the instructor was archived in Blackboard so that students who were unavailable at the time of the discussion could view the transcript later. Distance students completed the same 6 unproctored, online Blackboard quizzes as the campus students and were required to complete each of the same 3 course examinations at a pre-approved testing site overseen by a proctor within 24 hours of the campus students' testing time.
Both the final course percentage grades and letter grades were used to analyze student performance. Overall student performance in the course was measured by performance on quizzes and examinations and completion of weekly short-answer assignments. Examinations included multiple-choice and fill-in-the-blank items, diagram labeling, and 2 or 3 essay questions in which students' applied relevant topics in anatomy to clinical scenarios. Essay questions were graded online by the instructor using a predetermined rubric. Quizzes consisted of multiple-choice questions based largely on assigned textbook readings. Quizzes and examinations were formulated using a large pool of questions to decrease the likelihood that students would benefit if answers were shared. In addition to quizzes and examinations, students were required to complete weekly short-answer assignments covering clinical application discussions and/or medical terminology for credit. The weighting of each assessment of student performance varied from year to year; therefore, the authors did not compare performance between years. The grading scale used was the standard faculty-approved grading scale for the pharmacy program at Creighton University: A 5 100%-90%; B1 5 89%-85%; B 5 84%-80%; C1 5 79%-75%; C 5 74%-70%; D 5 69%-60% and F 5 below 60%. The University uses a 4-point scale for letter grades with A 5 4.0, B 5 3.0, C 5 2.0, D 5 1.0, F 5 0, and B1 and C1 grades 5 3.5 and 2.5, respectively. Students' perceptions of the course were measured using end-of-semester course and instructor evaluations. All Likert-scaled questions were worded positively; in other words, a higher score indicated a more favorable response. School policy required that students complete course and instructor evaluations in required pharmacy courses; therefore, the response rate for these evaluations was 100% for all 4 academic years.
All statistical tests were analyzed with SPSS, version 14.0 (SPSS, Chicago, Ill). Separate independent t tests were used to compare the mean final percent grades of campus-based and distance-based students for each year of the study. A non-parametric approach, the Mann-Whitney rank-sum statistic, was used to compare final letter grades for each year. Both approaches (t test and Mann-Whitney test) were appropriate for comparing interval data (ie, letter grades on a 4-point scale), but the Mann-Whitney test is preferred when the distribution of the dependent variable violates the normality assumption. Both percent grades and letter grades were skewed to the left (ie, more students with A's and B's than C's and D's), but the magnitude of the skewness was determined to be ignorable for percent grades and non-ignorable for letter grades. Thus, t tests were used to compare percent grades and Mann-Whitney tests were used to compare letter grades. An a priori level of significance of p 5 0.05 was selected for all statistical tests.
Course and professor evaluation data were collected via a single questionnaire. Due to significant negative skewness, divergent sample sizes, and the ordinal nature of Likert-scale items, a Mann-Whitney U test was employed in lieu of an independent t test. The MannWhitney U test required the removal of the ''neither agree nor disagree'' response, in that this response portrayed ''no opinion'' and was unable to be rank ordered along a continuum. The section assessed 2 hypotheses. The first hypothesis stated results would fail to indicate significant differences between the campus and distance pathway, suggesting parity. The second hypothesis stated that if significant differences did indeed exist, the distance pathway would favor the course significantly more than their campus counterparts. To test this hypothesis, an inflated a priori significance level of p 5 0.10 was elected for all statistical testing to reduce the incidence of Type II error, in that, we were assessing nonsignificance. Table 1 shows the demographics of the campus and distance students entering the program from [2003] [2004] [2005] [2006] . Students who successfully waived the human anatomy course requirement were included in the program demographics in Table 1 The course and instructor evaluation results are summarized in Tables 3 and 4 resulted from the distance pathway students rating their experience more positively. Analysis of Table 4 displays parity between the 2 pathways more clearly.
ASSESSMENT

DISCUSSION
Both campus and distance students performed well in all 4 years. The distance students performed better based on the final percent score and letter grade in 2006. Final letter grade information is important to include because external reviewers of a course (eg, curriculum committee, program assessment committee, accrediting agencies) may only have access to aggregate student letter grade information and not percent scores when evaluating a course or a program. It is clear from comparing both final percent and letter grade, that distance students are able to perform at least as well or better than campus students in the human anatomy course.
A brief review of the demographics showed that the distance students were older and that a larger percentage held a bachelor's degree or higher upon entering the program. It is possible that more of the distance-based students than campus students may have taken a collegelevel anatomy course prior to entering the pharmacy program. Previous college-level coursework, including both general science and anatomy coursework, may introduce a bias in student performance, especially in an entry-level course that assumes students have no previous experience in the subject. A small number of students each year request a waiver of the human anatomy course based on previous coursework. It is not known how many students in this study had taken human anatomy but did not request a course waiver. Future studies comparing performance between campus and distance students should consider differences in demographics that could impact student performance, if these data are available.
Student perception of the course and instructor in both the campus and distance pathways was favorable. Course and instructor evaluations from each year were rated the same as or higher by distance students compared to campus students, but these results should be viewed with caution due to ceiling effects. Distance-based student perception of the course may be impacted by the fact that students who choose the distance pathway might prefer Internet-based learning over an on-campus learning environment. Students in the distance pathway expect active involvement in the discussions and other activities in the course. These online discussions are, in fact, the distance students' primary connection to their peers and faculty members. In addition, course evaluations composed primarily of Likert-scaled questions is only one tool for measuring student perceptions of a course. Though student evaluations are widely used in higher education, future studies looking at comparisons between different courses or instructors could also include objective evaluation by faculty peers or other external reviewers, if these data are available.
CONCLUSION
A similar overall performance among distance-based and campus-based students measured by final percent score in 2003, 2004, 2005 , and higher level of performance for 2006 distance-based suggests that an Internetbased approach may be used successfully to teach human anatomy to pharmacy students. Students in the distance course held similar or more positive perceptions of the course than their campus peers. The similar or higher level of academic performance and more favorable course evaluations by distance students indicate that a human anatomy course can be at least as effective as a campus course in the first professional degree PharmD program. 
